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Applicability, Design and Construction 
Considerations 
  Definitions, history & applications 
 General design principles 
 Construction methods 
 Construction quality assurance  
 INDOT specifications 
 
 Deep foundation 
 Drilled excavation 
 Open hole (stiff/hard clays, rock) 
 Supported by steel casing 
 Supported by drilling fluid 
 Belled or straight-shaft 
 Reinforcing steel cage 
 Cast-in-place concrete 
 Free fall 
 Tremie 
DRILLED SHAFTS DRIVEN PILES 
 Drilled 
 Typically 3 to 12 ft dia. 
 High lateral stiffness 
 Fewer elements per cap 
 Smaller footprint 
 Non-redundancy 







 Typically 10-16 in. size 
 More flexible 
 Multiple piles per cap      
 Larger footprint 
 Greater redundancy 
 Verification by PDA 
and driving criteria 
 Less sensitive 
 1890’s:  Kansas City, Chicago 
 Shallow foundations  
 Settlement 
 Driven timber piles 
 Heave 
 Concern for decay 
 Solution:  Hand-dug “caissons” 
 1920’s-1930’s:  mechanized excavation 
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 River crossings 
 High axial and lateral resistance 
 Stiff foundation under scour conditions 




 Curved spans such as flyover bridges 
 Small footprint 
 High lateral loads 
 

 Straddle bents   
 High loads, small footprint 
 
 Favorable soil conditions  
 Cohesive soils without wet sand strata 
 Sites where driven pile installation may be 
difficult 
 Shallow rock requires pre-coring for minimum pile 
length 
 Solutioned limestone 
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 Load transfer  
4-5% B (Clay, Rock) 
10% B (Sand) 
Full Side Resistance 
  Factored resistance > Factored loads 
 Strength 
 Includes scour in design flood (100-year) 
 Extreme Events  
 Seismic 
 Extreme Event Scour (500-year) 
 Seismic + half-scour 




 By limit state (strength, service, extreme event) 
 Adjustment for non-redundancy 
 By component of resistance (end bearing, side 
shear, lateral resistance) 
 By geomaterial (sand, clay, rock, IGM) 
 By analysis method 
 By verification method 
 
 Side friction 
 Beta method  
 Unit side resistance = v’  
 v’ = overburden pressure 
  = K tan 
 Lateral earth pressure coefficient K 
 Soil-concrete friction angle  
 
 Side friction in sand…. 
 Increases with increasing depth (v’ ) 
 Can be reduced if ground not supported during 
drilled shaft construction (K) 
 End bearing 
 Bearing capacity theory 
 Empirical correlation with N60 
 Unit base resistance (tsf) = 0.6 N60 
 N60 = Standard Penetration Test (SPT) N-value at      
60% hammer efficiency 
 Adhesion – Alpha Method 
 Unit side resistance =  Su 
 Su = undrained shear strength 
  = adhesion factor 
 Neglect upper 5 ft 
 0.55 for Su < 3200 psf (very stiff clay) 
 
 Side friction in clay… 
 Doesn’t vary with depth (overburden pressure) 
 
 
 End bearing 
 Bearing capacity theory 
 Unit base resistance = N*c Su 
 N*c = Bearing capacity factor = f (strength, stiffness, 
embedment depth) 
 Su = Undrained shear strength 
 Socket friction 
 Unconfined compressive strength 
 Rock mass quality (typically measured by RQD, with 
consideration of joint quality) 
 Can consider rock mass modulus, socket roughness 
and other parameters 
 Load tests are often cost-effective 
 
 
 End bearing 
 Unit end bearing resistance = N*cr qu 
 qu = unconfined compressive strength of rock 
 N*cr = ftn (discontinuity spacing, condition) 
  
 Dry 




 Recent advances 
 Oscillator-advanced casing 







 Failure to achieve 
required casing 
penetration 
 Failure to extract casing 
 Bottom conditions – 
instability, incomplete 
cleaning 
 Requires experienced 
operators 
 Large diameters 
 Fully cased 





 Shaft inspection 
 Sonic caliper 
 Bearing grade inspection 
 Rock quality 
 Downhole inspection and probe holes 
 Pre-coring 
 Bearing cleanliness 




 Echo-impact testing 
 Crosshole sonic logging 






 Unique Special Provision – since 1998 
 Base document – drafted under guidance of Clyde Baker 
 Subsequent project-specific modifications 
 Standard Specification in preparation 
 Being reorganized to follow INDOT standard format for 
specifications 
 Concrete mix design requirements under review 
 
Primary reference: 
Drilled Shafts:  Construction Procedures and 
LRFD Design Methods, FHWA-NHI-10-016, 
May 2010 
 
